Abstract-As the world's energy supply is depleting, there is an increasing interest in alternative source of energy. Bioethanol production through fermentation provides an economical competitive source of energy. Chikku peels and banana peels leave a sizeable amount of residues after processing. Such residues are rich in carbohydrates, crude and sugar residues. In the present work, bioethanol has been produced and optimized from two biowastes; chikku peels and banana peels by simultaneous saccharification and fermentation using cellulase and co-cultures of Saccharomyces cerevisiae and Aspergillus niger. Pulverized chikku peels and banana peels in the ratio of 4:6 (after steam treatment) were used as substrate for bioethanol production. Temperature of 30°C, inoculum size of S. cerevisiae and A. niger 6 % (v/v), 4 % (v/v) with incubation period of 48 h and agitation for the first 24 h were found to be best for bioethanol production. The pretreated biomass after enzymatic saccharification containing 66 gL -1 reducing sugars was fermented under optimized conditions resulting in bioethanol production, yield and fermentation efficiency of 26.59 gL -1 , 0.402 gg -1 and 78.99 %, respectively. This research work may establish that both chikku peels and banana peels which have been very little exploited commercially for industrial applications and are poorly disposed off can be effectively used for bioethanol production through the process of simultaneous saccharification and fermentation. The results in this paper are very encouraging and can be utilized for scaling up of the process to a pilot scale or commercial fermenter level thereby, making the process more cost effective along with contribution in waste management.
I. INTRODUCTION
Bioethanol is a renewable energy source produced through fermentation of sugars and used as a partial gasoline replacement in a few countries in the world. With the inevitable depletion of world's energy supply, there has been an increasing interest worldwide in alternative sources of energy [1] [2] [3] . Bioethanol production through fermentation may provide an economically competitive source of energy [4, 5] by its incorporation into gasoline. Among the crucial factors affecting bioethanol fermentation, culture conditions play significant role on growth of yeast as well as bioethanol production. Chikku peels and banana peels as substrates can serve as an affordable and renewable low cost raw material for bioethanol production. The advantage of simultaneous saccharification and fermentation (SSF) is that a multistage process for the production of bioethanol is carried out in one reactor and glucose produced during saccharification is simultaneously fermented to bioethanol [6] [7] [8] [9] [10] [11] [12] [13] by yeast cells. Besides, being relatively cheaper as compared to the process involving external addition of enzymes, this process also avoids catabolite repression of the enzymes produced during saccharification step due to higher glucose concentration. Certain fermentation parameters such as inoculum, substrate concentration besides optimum temperature, time, agitation etc play an important role in obtaining good bioethanol yield [14] [15] [16] . Thus, the present study was undertaken with the objective of bioethanol production from two biowastes; chikku peels and banana peels using co-cultures of S. cerevisiae and A. niger, respectively, through SSF.
II. MATERIALS AND METHODS
Aspergillus niger and Saccharomyces cerevisiae were obtained from Microbial Type Culture Collection, IMTECH, Chandigarh, India. Fungal culture was maintained on PDA and yeast culture on Glucose Yeast Extract Agar (GYEA) under standard conditions.
A. Substrate preparation
Biowastes (chikku peels and banana peels) were obtained from the local market and used for substrate preparation. The biowastes were washed thoroughly with sterilized water and followed by drying to constant weight. The pulverized (40 mesh) residues were mixed First A. Nidhee Chaudhary 1* , Second B. Subhash Chand 2 and Third C. Nameet Kaur in the ratio of 4:6 (Chikku peels: banana peels) [14] and after being subjected to steam treatment by autoclaving (1 h) and sudden depressurization was used as a substrate for bioethanol production.
C. Cellulase enzyme production Cellulase enzyme was produced by A. niger using Chahal and Gray's modified basal synthetic medium [17] (with 1% cellulose) under submerged conditions. The autoclaved, cooled basal medium suspended in Erlenmeyer flask was inoculated with fungal culture and incubated in a rotary shaker (150 rpm) at 30°C for 10 days incubation period. The samples were withdrawn at regular intervals (24 h) of time and analyzed for CMCase, filter paper and cellobiase activity [18] . After centrifuging the samples at 8,000 rpm (0-4 0 C) for 10 min, the supernatant was assayed for the enzyme activity.
D. Simultaneous Saccharification and Fermentation (SSF)
The hydrolyzed residue (200 mL) obtained from the substrate (50 gL -1 ) was taken in 500 mL Erlenmeyer flasks was supplemented with yeast extract (3.0 g L -1 ) and peptone (3.0 g L -1 ), after sterilization was used as basal medium for fermentation process. The required pre-optimized volume of enzyme (@ 4FPUg -1 ) along with both the cultures; S. cerevisiae and A. niger, was added aseptically into the sterilized basal medium. Various experiments with different values of inoculum level, temperature, incubation period and agitation time were performed to optimize the most ideal conditions for maximizing bioethanol production.
E. Inoculum preparation
The activated cultures of S. cerevisiae and A. niger on agar slants were inoculated into GYE broth (100 mL) in 250 mL Erlenmeyer flasks and incubated for 24 h on a rotary shaker at 30 ± 2ºC. The cell count (24 h-old) corresponding to 3.1 x 10 8 and 2.8 x 10 8 cells mL -1 for S. cerevisiae and A. niger, respectively, was used as inoculums in all experiments.
F. Parameter optimization for Bioethanol
production through SSF Various combinations of inoculum level of both cultures; S. cerevisiae and A. niger, by varying from 2 to 10 % (v/v), each, were tried on bioethanol production by the process of SSF. The effect of temperature on bioethanol fermentation was carried out by varied the temperatures of 20, 24, 28, 30, 32 and 36ºC. The optimum incubation period and agitation time on bioethanol production was worked upon by using the time intervals ranging from 12 h to 96 h, in case of both the parameters.
G. Analytical methods
Crampton and Maynord [19] method was used for determination of cellulose content. Hemicellulose was determined by the method described by Goering and Vansoest [20] . Total sugars and reducing sugars were determined by following the standard procedures [21, 22] . Bioethanol was estimated using chromic acid method.
 Calculation of fermentation efficiency:
Bioethanol produced/Theoretical maximum bioethanol yield from sugar x 100
Theoretical maximum bioethanol yield = 0.51 g bioethanol per gram sugar.
III. RESULTS AND DISCUSSION
A. Composition of raw chikku peels and banana peels Without any pretreatment, the moisture content in chikku peels and banana peels was found to be 69.3 % and 80.7 %, respectively. On dry weight basis chikku peels and banana peels were found to be composed of cellulose and hemicellulose as depicted in Table I . The total and reducing sugars were as 94.70, 78.24 mgg -1 and 37.42 and 22.67 mgg -1 , for chikku peels and banana peels, respectively (Table I) . 
B. Optimum Substrate concentration/ratio
Steam treated, oven dried and powdered substrates (40 mesh) were mixed in different ratio and studied. The combination ratio of 4:6 (Chikku peels: banana peel) [14] was found to give optimum results and therefore used for fermentation (data not mentioned).
C. Enzymatic saccharification of substrate
The crude enzyme filtrate showed maximum Filter paper activity, CMCase and cellobiase activity as 1.11, 1.18 and 0.15 UmL -1 in 10 th day of incubation and was used for SSF experiments along with the inoculum. However, the enzyme addition was based on Filter paper activity (FPU) only and thus, was standardized accordingly. The maximum saccharification was observed after 48 h of incubation and beyond which the sugar concentration remained constant or showed a slight decline due to feedback inhibition or catabolite repression as also been suggested by other workers [14, 23] 
D. Optimization of inoculum level of S. cerevisiae
and A. niger Various inoculum levels of S. cerevisiae and A. niger in cell concentration from 2.0 to 10% by keeping one culture fixed at 5% (v/v) level at a time, the optimum level found to be 6 % and 4 % S. cerevisiae and A. niger, respectively, giving the maximum bioethanol yield to be 0.356 gg -1 (Table II) , above which a decrease in fermentation yield [14] was observed. 
TABLE II. EFFECT OF DIFFERENT INOCULUM LEVELS OF A. NIGER AND SACCHAROMYCES CEREV ISIAE ON BIOETHANOL PRODUCTION

E. Effect of incubation time on bioethanol production
The substrate (chikku peels and banana peels powder 4:6) on being subjected to simultaneous saccharification and fermentation using co-cultures of A. niger and S. cerevisiae along with the produced enzymes at various time period, exhibited maximum bioethanol yield (0.390 gg -1 ) at 48 h of incubation ( Fig. 1) in agreement with other workers [14, 24] .
F. Effect of temperature on bioethanol production
The bioethanol yield increased with the increase of temperature from 20 0 C to 30 0 C up to the incubation period of 48 h, giving maximum bioethanol yield (0.376 gg -1 ) and fermentation efficiency (74.11 %) at 30 0 C as illustrated in fig. 2 [25] . Above and below 30°C of temperature, bioethanol production showed a substantial decrease. This decline might be the inactivation of enzymes involved in bioethanol production pathways [14, 26] . Figure 3 shows the combined effect of varying temperature and incubation period on bioethanol production. Figure 4 clearly illustrates the effect of agitation time on bioethanol production, showing 24 h to be most suited for maximum bioethanol yield and fermentation efficiency of 0.398 gg -1 and 78.04%, respectively, indicating the initial aerobic conditions required by the cells for sufficient biomass to give high bioethanol production. Bioethanol production process being anaerobic, after 24 h with optimum cell concentration further agitation (aerobic condition) inhibits the bioethanol production. [14] .
G. Effect of agitation time on bioethanol production
H. Production of Bioethanol using optimized parameters Using the optimized parameters viz; chikku peels: banana peel ratio (4: 6) as substrate, cellulase enzyme (4FPUg -1 ), S. cerevisiae and A. niger inoculum age (24 h), inoculum level (6 % (v/v), 4 % (v/v)), temperature (30 0 C), and agitation time (24 h) bioethanol production was studied for various time intervals of incubation. The maximum levels of bioethanol production, bioethanol yield and fermentation efficiency achieved (Table III) were 26.59 gL -1 , 0.402 gg -1 and 78.99 %, respectively, in 48 h of incubation time [25] , thereby showing the potential of the two sources, considered to have little commercial value, for the production of biofuel. 
IV. CONCLUSION
It may be concluded from the obtained results that agroand food wastes like chikku peels and banana peels which have not been explored commercially, can serve as potential carbon sources for production of high value product like bioethanol through the process of simultaneous saccharification and fermentation (SSF). Further studies in the direction for the scale-up and economics of the process need to be done.
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